Introduction
Recently, extra-high-pressure mercury discharge lamps have been receiving attention as a lighting resource for liquid crystal device (LCD) projector systems 1 and projection television (TV) systems 2 due to the advantages of their light weight, compact size, long lifetime, high-resolution and large-screen display.
A discharge tube for this lamp is filled with a small amount of metal mercury and argon, and trace dibromomethylene (CH2Br2). CH2Br2 plays an important role in preventing the decrease of light-transmittance. 3 Tungsten (W) evaporated from a W electrode during discharge tube burning reacts to form tungsten dioxide (WO2) with residual oxygen (O), which is deposited on the inner wall of the discharge tube, resulting in a serious decrease of light-transmittance. CH2Br2 is thermally dissociated to liberate carbon (C), hydrogen (H) and bromine (Br). A part of Br, W and O react to form volatile tungsten oxybromides such as WO2Br2 and tungsten bromide (WBrx). By maintaining the temperature of the inner wall of the discharge tube over a given value, tungsten oxybromides and WBrx are not deposited on the inner wall. In a discharge tube, other reaction products would exist that contain Br in addition to tungsten oxybromides and WBrx. 2, 3 Thus, it is very important to establish a simple method for the Br analysis of reaction products to manage the process of discharge tube production and to develop new discharge tubes. We cannot, however, find any reports on the Br analysis of reaction products in the discharge tube. From reports 2,3 on a typical chemical equilibrium approach for the system (Hg, Br, W, O) from 1000 to 3600 K, we estimated that the reaction products in discharge tubes kept at room temperature after 1 h of tube burning would be mercurous bromide (Hg2Br2) and mercuric bromide (HgBr2), and so on, in addition to tungsten oxybromides and WBrx.
A wet decomposition-suppressed ion chromatography (IC) is available for tracing the Br of these Br compounds. To examine the wet decomposition/IC, we took into account that the essential difference of the enclosure materials between the discharge tube for an extra-high-pressure mercury discharge lamp and the halogen lamp is mercury. Thus, we started this work on the premise that CH2Br2 and Hg react to form Hg2Br2 and HgBr2 in operating discharge tubes. The soluble Br in the reaction products in the halogen lamp after 1 h of lamp burning was quantitatively determined by 10 mM sodium hydroxide decomposition-IC. From this result, we considered that the soluble Br in the reaction products Hg2Br2 and HgBr2 (which were quantitatively determined by the same method) in the discharge tube of an extra-high-pressure mercury discharge lamp could be also determined. The proposed method was successfully applied to the determination of the soluble Br in the experimental discharge tube samples.
Experimental

Apparatus
A DX-500 (Dionex, Sunnyvale, CA, USA) ion chromatograph was employed. An anion self-regenerating suppressor (ASRS) was used with a 12.5 mM sulfuric acid regenerant as a chemical suppressor to obtain a more stable baseline. A gradient elution technique was carried out for most Br analysis. An isocratic elution technique for each recovery percentage of Br in HgBr2 and Hg2Br2 was carried out. An MQS-400 quadrupole mass spectrometer system (ULVAC, Chigasaki, Japan) was used to analyze the gas fill. A closed device to destroy the halogen lamp sample consisted of a bottle (maximum diameter 50 mm × height 80 mm) with a fixed base for the halogen lamp, and a stick (length 120 mm) with a polytetrafluoroethylene (PTFE) plug. The bottle and the stick were made of stainless-steel. The device to destroy the quartz glass discharge tube for an extrahigh-pressure mercury discharge lamp, consisted of a container (length 35 mm × width 22 mm × height 59 mm), a fixed case for the discharge tube, and a stick. All these components were made of stainless-steel.
Experimental procedure
When the IC system was equilibrated, injections of a standard solution gave reproducible retention times and peak areas, and the sample solutions were then injected into the IC system. We have established a simple method for assaying the quantity of soluble bromine in the discharge tubes of an extra-highpressure mercury discharge lamp. Each discharge tube is destroyed in 5 ml of 10 mM sodium hydroxide, and the recovered sodium hydroxide solution is analyzed by suppressed-ion chromatography using gradient elution. We have clarified that this method can assay less than 1 µg of soluble bromine in a discharge tube. 
Reagents
Each standard solution from Kanto Chemical (Tokyo, Japan) was diluted as desired. One hundred mM of sodium hydroxide, a stock eluent, was prepared by diluting 50% sodium hydroxide (Fisher Scientific, Fair Lawn, USA). The elution was carried out by gradienting the stock eluent at concentrations ranging from 1 to 40 mM according to the program for the IC measurement. Forty-five mM of sodium hydroxide for the isocratic elution technique and 10 mM sodium hydroxide for sampling were also prepared by diluting 50% sodium hydroxide solution. Ninety-nine point nine percent of both Hg2Br2 and HgBr2 from Wako Pure Chemical (Tokyo, Japan) were used. A 97% sulfuric acid reagent (Nacalai Tesque, Kyoto, Japan) and deionized water obtained from a Millipore-Q SP water-purification system (Nihon Millipore Kogyo, Tokyo, Japan) were used.
Samples
A 65 W halogen lamp tube sample (maximum diameter of tube 11 mm × length 40 mm, inner volume of tube 940 mm 3 ) was filled to a gas pressure of 0.48 MPa (20˚C). The gas mixture was composed of krypton (Kr)-nitrogen (N2) and a given ppm (v/v) of CH2Br2. A 150 W quartz discharge tube (maximum diameter of tube 11 mm × length 60 mm, inner volume of tube 200 mm 3 , and gas pressure 19 KPa (20˚C)) for an extra-high-pressure mercury discharge lamp was attached with W electrodes at both ends. Trace CH2Br2, a small amount of argon and an excess amount of mercury compared to bromine were flame sealed. The halogen lamp tubes and the discharge tubes were burned for 1 h and then kept at room temperature. After unnecessary parts of tubes were removed, each tube sample was washed with water while being kept airtight.
Sampling
The discharge tube sample was set with 5 ml of 10 mM sodium hydroxide in the container made as described above. The fixed sample was destroyed using the stick and then the contents were carefully shaken for about 10 s. For the halogen lamp tube sample, 10 ml of sodium hydroxide was used. After the sample was destroyed in the manner outlined above, the contents were vigorously shaken for about 20 s. The sodium hydroxide solution containing bromide ion was recovered and filtered through a 0.2 µm membrane filter (Advantec Toyo, Tokyo, Japan). This solution was used in the IC analysis.
Results and Discussion
Separation of common anions using the gradient elution
The gradient elution was examined to more rapidly separate eight kinds of anions: fluoride, chloride, nitrite, bromide, nitrate, carbonate, sulfate, and phosphate ions. The results are shown in Fig. 1 . Each anion was mutually separated by means of the gradient elution using the sodium hydroxide solution at a concentration ranging from 1 to 40 mM. The fluoride ion peak appeared over a particularly wide range. However, the bromide ion satisfactorily separated from other anions such as carbonate ion and nitrate ion. Therefore, the UV detector was not used, though it is selective and sensitive to bromide ion. The bromide ion was determined within 9 min, with an equilibrium time of 2.1 min and retention time of 6.3 min.
Recovery of soluble bromine in a halogen lamp sample
Bigio et al. reported that most of the Br in a halogen lamp tube sample kept at room temperature after burning exists as hydrogen bromide (HBr) and that the Br can be determined, without any description of the sample decomposition. 4 Wolfe et al. also described the existence of HBr in the halogen lamp. 5 Therefore, we determined the soluble Br in the reaction products of a halogen lamp tube sample. Recoveries of Br obtained were 99% (relative standard deviation (RSD): 15% (n = 10)).
Recoveries of Br in Hg2Br2 and HgBr2
First, to examine the CH2Br2 that remained in the discharge tube, we analyzed the fill gas using quadrupole mass spectrometry. Hydrogen was detected, but CH2Br2 was not.
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ANALYTICAL SCIENCES FEBRUARY 2006, VOL. 22 a , 1 -20 mM NaOH (3.5 -7.0 min) a , 20 -40 mM NaOH (7.0 -9.0 min) a , 40 mM NaOH (9.0 min -) a ; flow rate, 1.50 ml min -1 ; column temperature, 30˚C; injection volume, 100 µl; suppressor, ASRS (Dionex); regenerant, 12.5 mM H2SO4; detection, conductivity; determination, peak area method; a, retention time. From the beginning of the IC measurement program, after 2.0 min, conductivity offset; after 2.1 min, injection valve for the inject position and isocratic analysis started; after 3.0 min, injection valve to load position; after 3.5 min, gradient analysis started. Thus, without taking into account any remaining CH2Br2, we examined how Br in Hg2Br2 and HgBr2 could be quantitatively recovered as a bromide ion. HgBr2 is soluble in water (0.6 g/100 g (25˚C)), 6 while Hg2Br2 is slightly soluble in water (3.9 × 10 -5 g/100 g (25˚C)). 6 Therefore, an alkali pretreatment was applied to decompose the Hg2Br2. 7 Each 10 mg of Hg2Br2 and HgBr2 was stepwisely treated with sodium hydroxide solutions at concentrations ranging from 4.5 to 45 mM. The recovery percentage was examined using IC. Using more than 4.5 mM sodium hydroxide, we obtained good recovery percentages of more than 98% for HgBr2. On the other hand, using more than 11 mM sodium hydroxide for Hg2Br2, we obtained good recovery percentages of more than 97%.
Effects of concentration of sodium hydoxide on analytical values of soluble Br in real discharge tube samples
Reaction products in the real discharge tube samples destroyed with the sampling device were stepwisely treated with sodium hydroxide solutions at concentrations ranging from 0 to 20 mM. The results are shown in Fig. 2 . The constant analytical values for Br were obtained using a solution of more than 5 mM.
Calibration, precision, accuracy and detection limit
The precision, accuracy and the detection limit were examined using standard bromide ion solutions at concentrations ranging from 0.05 to 0.60 µg ml -1 in 10 mM sodium hydroxide. The calibration curve obtained from the peak areas of the bromide ion was linear, with a high correlation coefficient of more than 0.999 and a good RSD of 0.93% at 0.20 µg ml -1 for seven repeated measurements. To examine the recovery percentage of the bromide ion, we added 0.20 and 0.30 µg ml -1 of bromide ion to each sample solution (bromide ion: 0.16 µg ml -1 ). The recovery percentages obtained were 99% and 102%. The detection limit by peak area (S/N = 3) through the sample decomposition was approximately 4 µg l -1 .
Application
We analyzed real discharge tube samples containing about 1 µg, (A): samples without WO2-deposition (n = 3) and (B): samples with WO2-deposition (n = 3). The Br values of sample (B) obtained were about 10% lower than sample (A). From these results, we considered that WO2-deposition was due to the lack of the amount of the Br. Thus, the improvement in an initial CH2Br2 fill was carried out, resulting in a discharge tube of good quality. Next, three 150 W discharge tubes containing various amounts of CH2Br2 were prepared.
The ion chromatograms for the real samples treated according to the above procedure are shown in Fig. 3 . The bromide ion showed a peak after 6.3 min, at a different position to the other anions such as carbonate ion, nitrate ion and chloride ion. The values for the bromide ion obtained are shown in Table 1 . There was a small range of Br values among each of the three samples in each level: (A), (B), and (C). The ion detected at the retention time of 9 min was WO4 2-. Thus, to manage tungsten dioxide on the surface of W electrodes of a discharge tube, this method may be applicable to the WO4 2-analysis. 
